behavioural flexibility brain development cognition learning play Play behaviour is common across mammals, but it is particularly frequent in primates. Several explanations for the occurrence of play have been proposed, both adaptive and nonadaptive. One popular explanation is that play supports the development of complex cognition and behavioural flexibility. This hypothesis is supported by a relationship between the relative size of several brain regions, including the neocortex and cerebellum, and the frequency of social play. However, a direct link with either behavioural flexibility or brain maturation has yet to be shown. Using a comparative data set of the frequency of social and nonsocial play across primates, I tested two predictions of this hypothesis: (1) that the frequency of play is associated with the amount of postnatal brain growth; and (2) that the frequency of play is associated with measures of behavioural flexibility. I found support for both predictions, and, notably, the results suggest that social and nonsocial play may contribute to different aspects of behavioural flexibility. Ó
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Play behaviour is often qualitatively easy to recognize but difficult to define, a characteristic that has rendered a trait frequently observed in most mammals (Burghardt, 2005; Fagen, 1981) difficult to study and explain (Graham & Burghardt, 2010) . Renewed interest in the evolutionary significance and developmental origins of play has led to greater clarification of the sort of behaviour that can be classified as play (Burghardt, 2005 (Burghardt, , 2010 Graham & Burghardt, 2010) . 'Play' has been defined as behaviours that are incompletely functional, spontaneous, atypical, repeatable and initiated in the absence of stress (Burghardt, 2010) . Within this general classification, three main subcategories can be identified: solitary play, object play and social play (Graham & Burghardt, 2010) . Social play (play involving mutual interactions between multiple individuals) has attracted particular focus as it is prominent in juveniles of socially complex taxa, such as primates, and is thought to contribute to the development of social cognition (Lewis, 2000) .
All forms of play begin early in infancy and peak during the early juvenile period (Bekoff & Byers, 1981; Fagen, 1981; Fairbanks, 2000) , a developmental trajectory that has greatly influenced attempts to explain the adaptive value of play. Groos (1898) first suggested that play may act as preparation for behaviours important in adulthood. Derivations around this theme have some circumstantial support; for example, the correlation between the timing of play and synaptogenesis in the cerebellum may suggest that play facilitates motor training and the development of the musculoskeletal system by modulating plasticity in local neural connectivity (Byers & Walker, 1995) . Others instead emphasize training for behavioural flexibility as a buffer against unexpected events ( Spinka, Newberry, & Bekoff, 2001 ). However, not all evolutionary explanations are adaptive. Spencer (1872) first argued that play is merely a product of surplus energy. In a similar vein, Pagel and Harvey (1993) raised the possibility that play may simply be a means of passing time in species with delayed sexual maturity and could be a neutral trait with respect to fitness that, in some cases, has secondarily been selected to serve a developmental purpose. Contrary to nonadaptive hypotheses, field studies have demonstrated a link between frequency of juvenile play and survival (Cameron, Linklater, Stafford, & Minot, 2008; Fagen & Fagen, 2004) suggesting that play may contribute to evolutionary fitness and therefore be open to the action of selection. However, attempts to test direct links between play in juveniles and adult behaviour have not provided evidence to support the behavioural development hypothesis (Sharpe, 2005a (Sharpe, , 2005b (Sharpe, , 2005c Sharpe & Cherry, 2003) .
In the absence of a direct link between play and adult behaviour, focus has shifted to indirect measures of behavioural flexibility: in particular brain size and structure. A number of authors have suggested that play is more prevalent in mammals with larger * Correspondence: S. H. Montgomery, Department of Genetics, Evolution and Environment, UCL, Gower Street, London WC1E 6BT, U.K.
E-mail address: Stephen.montgomery@cantab.net.
Contents lists available at ScienceDirect
Animal Behaviour j o u r n a l h o me p a g e : w w w . e l s e v i e r . c o m / l o ca t e / a n b e h a v 
